Titanium dioxide nanoparticles produce phototoxicity in the developing zebrafish.
Exposure of humans and other organisms to nanomaterials is increasing exponentially. It is important, but difficult, to predict the biological consequences of these exposures. We hypothesized that the unique chemical properties that make nanoparticles useful might also be the key in predicting their biological impact. To investigate this, we chose titanium dioxide nanoparticles (TiO(2)NPs) and developing zebrafish embryos as model systems. TiO(2)NPs absorb photons to generate electron-hole pairs that react with water and oxygen to form cytotoxic reactive oxygen species (ROS). Here, we show that the exposure of zebrafish embryos to TiO(2)NPs produces malformation and death, but only if the fish are also illuminated. TiO(2)NPs are taken up into the developing fish, but the egg chorion is a barrier to uptake until the embryos hatch. Chemical probes and a transgenic reporter line confirm photo-dependent production of ROS in vivo, and the addition of an ROS scavenger rescues fish embryos from toxicity. To our knowledge, this is the first study to show a photo-dependent toxic response in a whole organism from exposure to TiO(2)NPs. Of further significance, our study highlights the relationship between the property of the material that makes it useful and the biological effect that is produced. This concept should serve as a guide for future nanotoxicological studies aiming to identify potential hazardous effects on organisms.